In three-dimensional computed tomography angiography (3D-CTA) in our facility, we usually scan the volume of the brain according to the bolus tracking method. Fluoroscopic slice is placed at the Willis's ring and the timing of scan is determined subjectively by a radiological technologist after strong enhancement of the basal cerebral artery is confirmed. In these procedures, however, variation of scan timing is often problematic. Therefore, we design the surpassing method to place the small region-of-interest (ROI) at the basal cerebral arteries and to start CT scan automatically. In this protocol, the fluoroscopic slices of the distal internal carotid arteries are selected referring to the precontrast volume data, small ROIs are set in bilateral internal carotid arteries, and scan trigger of CT is started automatically at the threshold of 170 HU. The maximum 80 mL of iodine contrast agent 300 mgI/mL is injected intravenously at the rate of 4.0 mL/sec, and the volume of the arterial phase is scanned automatically. We measure ROIs at the internal carotid arteries based on the obtained volume data of arterial phase and estimate the optimal scan timings from the fluoroscopic CT images reformatted at the intervals of 0.1 sec. In 38 of 53 patients, placement of the small ROIs is succeeded and automatic or manual CT scan is performed. In the patients who succeed in placement of the small ROIs, optimal scan timing of the arterial phase is obtained, while in the patients who fail placement of the small ROIs, a large variation is observed in their scan timings. Their results suggest that more stable scanning of the arterial phase is available by means of small ROI placement and automatic scanning. The clinical significance is large because the stability and reproducibility of the examination provide a quantitative analysis and more accurate diagnosis.
Introduction
Three-dimensional computed tomography angiography (3D-CTA) of the brain is performed for 3D morphological analysis of the aneurysm or arteriovenous malformation and their postoperative follow-up. In 3D-CTA, multi-detector CT (MDCT) is used [1] - [4] . 3D-CTA generally consists of the precontrast helical scan to be used as the data for subtraction and arterial phase helical scan that is performed after potent enhancement of the interest artery is confirmed in the fluoroscopic slice at the neck [5] [6] . Recently, multi-detector CT has been developed markedly. In 320-row MDCT scanner with 320 × 0.5 mm detectors (TOSHIBA Aquilion ONE, Toshiba Medical Systems Corp, Japan) covers scanning of the whole brain in one 16-cm gantry rotation, and is able to use for the volume scan [7] - [12] . In our University of Tokyo Hospital, 3D-CTA of the brain has also been performed for volume scanning with 320-row MDCT by bolus tracking method [13] [14] . The stability and reproducibility of the examination greatly depend on the skill of a radiological technologist, because scan timing for obtaining arterial phase is visually determined by a radiological technologist based on the enhancement of the interest artery. As a result, variation of the scan timing for the arterial phase becomes problematic in our hospital. Too early start of scanning results in poor image quality of arterial phase, and delayed start need selective removal of the enhanced vein image due to high CT values of the vein, which increases burden to the radiological technologist who prepares the reconstructed VR or MIP images.
Purposes
This study is aimed to improve the reliability of time-density curve (TDC) by placing the small region-of-interest (ROI) in the intracranial artery on the fluoroscopic image and to optimize scan timing at specified threshold [15] . We describe the routine procedures of cerebral 3D-CTA in our hospital. The results are compared among the patients who succeeded and failed placement of the small ROI and a relationship between the accuracy of the small ROI placement and the timing of scan start is verified from TDCs.
Used Equipment
All examinations in this study were performed with 320-row MDCT scanner (TOSHIBA Aquilion ONE, Toshiba Medical Systems Corp, Japan). Aquilion ONE has 320 × 0.5 mm detectors and covers the width of 16 cm in one rotation. We used ZioStation 2 (ZiosoftInc, Japan), which is a medical image processing workstation, to process the VR images. And we used ImageJ v1.45 for ROI analysis and drawing TDC.
Subjects and Methods

Subjects
The subjects in this study were 53 patients (14 male, 39 female; 24 -85 years, mean 58 years) those had cerebral 3D-CTA volume scan during the period from March 30 to June 20 in 2012. We scanned the range of 16 cm in one rotation in this protocol. So if the purpose of examination could be achieved in that range of scan, the patients were included in this study. If the range of interest was more than 16 cm, examination by helical scan was selected. The purposes of each examination and positioning of the fluoroscopic slice are described in Table 1 . Written informed consent was obtained from all patients, and the study protocol was approved by the institutional ethics committee.
Cerebral 3D-CTA Volume Scan Protocol
The protocol of cerebral 3D-CTA volume scan in our hospital is summarized in Figure 1 . In the cerebral 3D-CTA, volume scan was performed by bolus tracking method with 320-row MDCT. The dose of 80 mL of iodine contrast agent 300 mgI/ mL was injected at a rate of 4.0 mL/sec.
The characteristics of our study were to determine the position of fluoroscopic slice which includes the distal internal carotid arteries if significant artifacts due to calcification or surgical clip are not observed in the slice, to determine the optimal scan timing in CT fluoroscopy, and to perform once scan for the whole brain. The advantage of volume scanning is able to scan whole vasculatures simultaneously, whereas in conventional caudalcranial helical scanning different vascular phases are scanned at the starting and end points. Moreover, placement of the fluoroscopic slice at the distal internal carotid artery near the center of the cranial cavity can save the time from triggering of scan start and to secure the arterial phase of the interest region that is the favorite site of cerebral aneurysm. However, there are some problems. First, exact scan timing is required because of once volume scanning. Second, the stability and reproducibility of the examination highly depend on the ability of a radiological technologist because scan timing is visually determined by a radiological technologist based on enhancement of the interest artery.
Therefore, we introduced the methods to place the small ROIs of cerebral arteries in the fluoroscopic image, to draw TDCs, and allocate the thresholds to the CT numbers in the small ROI in order to determine the timing of scan start, not the visual determination by a radiological technologist. The distal internal cerebral artery is selected as the fluoroscopic interest region in general. This position is easy to secure the internal carotid artery extended perpendicular to the slice and hard to be affected by the partial volume effect of the adjacent bone, because there are less bony systems around there. The small ROIs were placed bilaterally with the size to be contained in each internal carotid artery. CT values at the small ROI were determined at the threshold of 170 HU and the arterial phase image was obtained. Outlines and layouts of the small ROI at the distal internal carotid artery are shown in Figure 2 and Figure 3 , respectively.
In addition, if there are metal artifacts due to postsurgical arterial clips or coils on the slice in the distal internal carotid artery, the fluoroscopic slice should be selected more caudally in order to avoid influences of the artifact. The small ROI was placed within each internal carotid artery. Even with faint movement of a patient, bony structure will be contained in the small ROI and the trigger to start will be induced before the internal arterial enhancement is observed. Therefore, we started manual scan at the threshold of 170 HU referencing to the TDC obtained. Outlines and layouts of the small ROI that were placed more caudally to the distal internal carotid artery are shown in Figure 4 and Figure 5 , respectively. The mean CTDIvol and DLP were 285 mGy and 1530 mGy•cm in this protocol.
Relationship between Accuracy of the Small ROI Placement and Timing of the Scan Start
The fluoroscopic images were reconstructed with FC64, Full, and 220 mm FOV at the intervals of 0.1 sec, and TDCs were drawn at the small ROIs that were placed at the most ideal position within the internal carotid arteries. The relationship between accuracy of the small ROI placement and timing of the scan start were verified.
Evaluation of Scan Timing
In order to evaluate scan timing of the arterial phase based on the volume data reconstructed with FC64, full, 0.5 mm slice thickness, and 220 mm FOV, the small ROI was placed at the distal bilateral internal carotid arteries for measurement of the arterial CT values and at the heads of sinus rectus and bilateral sigmoid venous sinus for measurement of venous CT values, respectively. Software of ImageJ (version 1.45) was used for calculation of these CT values.
Results
Relationship in TDC between Small ROI Placement and Scan Timing
The volume rendering (VR) images (WL/SH=100/79) in which the external carotid arteries and their branches and the artifacts introduced by misregistration were removed from the images, the small ROIs actually placed for the examination, the small ROIs placed for analysis and their TDCs are detailed below for 4 cases.
Case 1
A 44-year-old female was suspected craniopharyngioma and had 3D-CTA for preoperative examination of intracranial vessels, shown in Figure 6 . The fluoroscopic slice was selected at the distal internal carotid artery according to the study protocol. The small ROIs were placed within the bilateral internal carotid arteries, and 3D-CTA was started automatically at the threshold of 170 HU 16.6 sec after intravenous injection of contrast agent. The reproducibility of TDC at the small ROI placed after examination was satisfactory, and the CT values of the small ROI increased at 170 HU 13.3 sec after the contrast agent was injected. The CT values of the internal carotid artery and the straight sinus were 312 HU and 77 HU, respectively, which suggests that the arterial system alone was enhanced at this timing. In the VR images, strongly enhanced peripheral arteries were drawn clearly and the venous system was little observed. It was suggested that the small ROIs were placed accurately.
Case 2
A 59-year-old female had 3D-CTA for postoperative follow-up examination, shown in Figure 7 . She had clipping surgery to the aneurysm of the left posterior inferior cerebellar artery 8 years ago. The fluoroscopic slice was selected at the distal internal carotid artery. The small ROIs were placed within the bilateral internal carotid arteries, and 3D-CTA was started automatically at the threshold of 170 HU 16.1 sec after intravenous injection of contrast agent. The reproducibility of TDC at the small ROI placed after examination was satisfactory, and CT values of the small ROI increased at 170 HU 12.7 sec after the contrast agent injected. The CT values of the internal carotid artery and the straight sinus were 336 HU and 87 HU, respectively. In VR image, arterial system alone was selectively enhanced, which suggests that the small ROIswere placed accurately.
Case 3
A 55-year-old female had 3D-CTA for postoperative follow-up examination, shown in Figure 8 . She had clipping surgery to the aneurysm of the left posterior inferior cerebellar artery 20 years ago. More caudal slice was selected for fluoroscopy, because clip-related strong metal artifact was observed at the internal carotid artery, and was unable to select the distal internal carotid artery for fluoroscopic slice. There was bony system near the internal carotid artery, which is a potential risk for the bone to be included in the small ROI. Therefore, scanning was started manually at the threshold of 170 HU referencing to TDC 19 sec after intravenous injection of the contrast agent. The reproducibility of TDC at the small ROI that was placed after examination was satisfactory, and the CT values of the small ROI increased at 170 HU 15 sec after intravenous injection of the contrast agent.
The CT values of the internal carotid artery and the straight sinus were 465 HU and 110 HU, respectively. In VR image, arterial system alone was selectively enhanced, which suggests that the small ROI was placed accurately. As seen in this case, timing of scan is optimized by placement of the small ROI, even if fluoroscopic slice is not located at the distal internal carotid artery. However, neighboring bony system is included in the small ROI by faint movement of a patient. As a result, the mean CT value of ROI increases, and scanning is started before the contrast agent reaches at the distal internal carotid artery. In such a case, scanning should be manually started referencing to the TDC.
Case 4
A 60-year-old female had 3D-CTA for postoperative follow-up examination, shown in Figure 9 . She had clipping surgery to the aneurysm at the left internal carotid artery-posterior communicating artery 7 days ago. The fluoroscopic slice was selected at the distal internal carotid artery. The small ROIs were placed within the bilateral internal carotid arteries, and 3D-CTA was started automatically at the threshold of 170 HU 17.3 sec after intravenous injection of contrast agent. For the TDC placed after examination, the CT values of the small ROI increased at 270 HU 14 sec after the contrast agent was injected. The CT values of the internal carotid artery and the straight sinus were 374 HU and 175 HU, respectively, which suggests that timing of the scan is slightly delayed. In VR images, the venous system was clearly drawn. This delay of scan timing is related to the decreased mean CT values in the small ROI because the extra-arterial component was included in the small ROI placed during examination. 
Success Rate of the Small ROI Placement
Out of the 53 patients examined, 37 patients were scanned automatically and 16 patients manually. The results of automatic/manual scanning, success/failure of ROI placement, and timing of scan are shown in Table 2 .
The ROI was placed satisfactory in 33 of 37 patients scanned automatically. Most of these 33 patients were scanned at optimal timing though a little early timing of scan start was observed in five of them. In remaining four cases, the CT values of the venous system were slightly higher and the timings of scan start were slightly delayed. In five of 16 patients manually scanned, the ROI was placed satisfactory and scanning was started at optimal timing with highly reliable TDC.
In remaining 11 patients, the conventional visual arterial scanning was performed because the small ROI was mislocated, the fluoroscopic positions were inappropriate and the patients moved during the period of time from placement of the small ROI to start of fluoroscopy. Of the 11 patients performed visual scanning, the timing of scan start was earlier in two, adequate in seven and delayed in two patients, respectively.
Overall, placement of the small ROI was successful and the arterial phase was scanned satisfactory in 38 (71.7%) of 53 patients, while placement of the small ROI was failed and timing of the scan was varied in 15 patients (28.3%).
Evaluation of Scan Timing
The results of automatic/manual scan start, success/failure placement of the small ROI, and timing of scan in 53 patients are shown in Table 2 , and the scatter diagram plotted arterial and venous CT values is shown in Figure 10 .
If the contrast between arterial and venous systems is higher and the CT value of the venous system is lower, more exact arterial phase is obtained and the examination becomes more meaningful. The condition of CT values less than 150 HU for venous system and more than 250 HU for arterial system saves the time to reconstruct VR images and produce satisfied results. As shown in Figure 10 , CT values are less than 150 HU and homogeneously distributed when placement of the small ROI succeeded (•). The arterial phase was scanned at optimal scan timing in most of these patients, though the scan timing in 5 of them was slightly earlier. On the contrary, in the patients who failed placement of the small ROI (×), large variation was observed in distribution of CT values. Figure 10 . Distribution of arterial/venous CT value.
Discussions
Though there have been several reports on coronary artery CT by bolus tracking method with 320-row MDCT [16] [17], there is no report on cerebral 3D-CTA. Cerebral helical CTA by bolus tracking in thoracic aorta has been reported [18] , but that in intracranial artery using 320-row MDCT has not been reported. In the study protocol, fluoroscopic slice is placed at the distal internal carotid artery. Selection of the distal internal carotid artery for fluoroscopic slice is considered to be ideal from the four advantages. First, the time from triggering of the scan start to actual scanning of the arterial phase is short because the small ROI is near the center of the volume scan. Second, the target arterial phase is directory secured because the position of the small ROI is consistent with the favorite site of cerebral aneurysms. Third, there is little partial volume effect along the body axis, because the internal carotid artery is extended perpendicular to the fluoroscopic slice. Finally, a risk of bony involvement in ROI slice is very low, because there are little bones peripherally other than the dorsum sella.
In all 38 patients succeeded in placing small ROI, the CTA was performed at the acceptable timing. The key point for successful scanning is placement of the small ROI. If placement of the small ROI is succeeded, reliability of TDC improves significantly and stability of the study is secured. In 5 patients of them, scanning was started at slightly early timing. The need to increase the threshold for scan-starting was suggested in the examination that bolus characteristics of contrast agent is secured because the scan parameters for contrast enhancement were fixed regardless of physical build of a patient. In addition, scanning parameters should be reviewed in detail including fixed iodine dose per kg body weight in the future.
With the threshold of 170 HU, automatic scanning was started at the optimal scan timing in 33 (87%) of 38 patients, and these thresholds seem to be reasonable. In four patients, placement of small ROI appeared to be succeeded, but scan timing was slightly delayed because extra-arterial component was included in the small ROI and the mean CT values decreased. The CT values of artery and vein were 320 -370 HU and 150 -175 HU, respectively, and they were within acceptable limits in all these 4 patients, but careful attention should be paid to the positional relationship between the small ROI and the artery during fluoroscopy. If the extra-arterial component is included in the small ROI, TDC values is lower than the values observed when the small ROI is properly placed, and manual scan start should be considered.
Conclusion
The key point for stable scanning of the arterial phase is the positioning of the small ROI in cerebral 3D-CTA. Placement of the small ROI is succeeded in 38 of 53 patients, and scanning is started at the optimal timing. Stability of the examination is improved by optimal placement of the small ROI. The clinical significance is large because the stability and reproducibility of the examination provide a quantitative analysis and more accurate diagnosis.
